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Abstract— Switched reluctance motors (SRMs) are expected 
to be applied to propulsion systems of electric vehicles for their 
robust mechanical construction and cost-effectiveness. On the 
other hand, their large source current ripple and large torque 
ripple are main obstacles in practical applications of SRMs to 
vehicle propulsion. Certainly, a number of studies have been 
dedicated to address the torque ripple. However, unlike other 
motors driven by sinusoidal phase current waveforms, the large 
source current ripple of SRMs generally remains, even if the 
torque ripple is removed. The purpose of this paper is to propose 
a simple control technique of SRMs for vehicular propulsion by 
eliminating the source current ripple as well as the torque ripple. 
The proposed control is a current tracking control based on a 
pre-computed current profile. Because vehicular propulsion 
requires to instantaneously output large torque in sudden 
acceleration, SRMs tend to be designed to be propelled below the 
magnetic saturation in normal vehicle travel. Therefore, this 
proposed current profile is derived using a simple SRM 
analytical model without the magnetic saturation. In addition, 
the proposed current profile is determined so that the peak 
magnetic flux is minimized to offer high-speed current response 
at a high rotating velocity. Along with theoretical derivation of 
the proposed control, this paper also presents an experiment to 
verify the principle of the proposed control technique, which 
successfully revealed reduction of both the source current ripple 
and the torque ripple. 

Keywords—switrched reluctance motor; reluctance torque; 
source current ripple; torque ripple; current profile 

I.  INTRODUCTION 

Recently, switched reluctance motors (SRMs) are expected 
to be applied to propulsion systems of electric vehicles for their 
robust mechanical construction and cost-effectiveness [1]. 
However, practical applications of SRMs to vehicular 
propulsion are hindered by their comparatively large source 
current ripple and torque ripple caused by mechanical and 
electrical nonlinearity [1][2].  

As widely known, the large torque ripple is a severe 
problem because it can cause severe noise vibration, 
deteriorating the riding comfort. In addition, the large source 
current ripple can appear in the power supply to the inverter 
that drives the SRM. This source current ripple is also another 
severe problem because large AC current may flow from the 

main battery, thus deteriorating the battery lifespan. Certainly, 
an input smoothing capacitor that interfaces between the 
battery and the inverter is generally employed to decouple the 
source current ripple. However, the source current ripple 
generally contains large low frequency ripple generated by the 
cycle of the phase current except for the high frequency ripple 
generated by the switching. This low frequency source current 
ripple may not sufficiently decoupled by the input smoothing 
capacitor particularly at a low rotating velocity, because 
vehicular propulsion requires a wide variety of motor rotating 
velocity. Therefore, SRM drive for vehicular propulsion is 
intensely required to eliminate both the source current ripple 
and the torque ripple simultaneously. 

Many studies have been dedicated to eliminating the torque 
ripple of SRM drive. There have been two major approaches 
for reducing the torque ripple: One is to optimize the magnetic 
design of the motor [3]–[7], and the other is to improve the 
control [8]–[27]. These prior techniques are proven to be 
effective for eliminating the torque ripple. However, it is worth 
noting that eliminating the torque ripple does not leads to 
eliminating the source current ripple in SRM drive unlike other 
motors driven by the sinusoidal phase current waveforms, such 
as the interior permanent magnet synchronous motors and the 
synchronous reluctance motors. Therefore, these prior 
techniques may still be insufficient for vehicular applications. 

Besides, there also have been proposed techniques that 
address the source current ripple. For example, [28] proposed a 
novel control technique for a particular SRM drive circuit, 
which successfully verified elimination of the source current 
ripple. However, eliminating the source current ripple does not 
generally lead to eliminating the torque ripple. Therefore, this 
technique may also be insufficient for vehicular applications. 

Certainly, some challenging studies addressed both the 
source current ripple and the torque ripple simultaneously. For 
example, [29][30] have proposed a novel comprehensive 
approach that combines both the control technique and the 
machine design. This technique can be applied to a pseudo-
sinusoidal SRM, which has the inductance profile close to the 
sinusoidal waveform. Although this technique successfully 
eliminated the torque ripple with reduced source current ripple, 
this technique may have difficulty in application to many 



commercially available SRMs, which do not have the 
sinusoidal inductance profile. 

The purpose of this paper is to propose another novel 
control technique that can eliminate both the source current 
ripple and the torque ripple simultaneously. The proposed 
control does not depend on the machine design. Therefore, the 
proposed control is applicable to SRMs with arbitrary 
inductance profiles in general.  

The proposed control is a current tracking control based on 
a pre-computed current profile. This current profile is derived 
using a simple SRM analytical model without the magnetic 
saturation. Certainly, SRMs are commonly driven with the 
magnetic saturation. However, SRMs for vehicular propulsion 
tend to be designed to be mainly driven below the magnetic 
saturation in the normal vehicle travel. The reason is that the 
vehicle propulsion generally requires a wide variety of torque 
output; and therefore, the magnetic flux linkage above the 
saturation level should be utilized to cover the instantaneous 
large torque output rather than the normal vehicle travel. 
Therefore, we neglect the magnetic saturation because we 
discuss elimination of the source current ripple and the torque 
ripple for the normal vehicle travel. In addition, the proposed 
current profile is determined so that the peak flux is minimized 
to improve the current response at a high rotating velocity. 

The following discussion is composed of three sections. 
Section II presents the theoretical basis of the proposed control. 
Section III presents an experiment to verify the principle of the 
proposed control. Finally, section IV gives conclusions. 

II. PROPOSED CONTROL TO ELIMINATE SOURCE CURRENT 

RIPPLE AND TORQUE RIPPLE  

The proposed control is a current tracking control based on 
a pre-computed current profile, similarly as in [29][30]. The 
current profile is amplified or attenuated to generate the current 
command value according to the torque command. Hence, the 
main issue is the method to determine this current profile. 
Below describes the theoretical basis of the method. 

For convenience, we assume the three-phase concentrated-
winding SRM as shown in Fig. 1. According to the 
aforementioned reason, we assume that the motor is driven 
below the magnetic saturation. Therefore, we neglect the 
magnetic saturation. As a result, we regard that the inductance 
of each phase winding is only dependent on the electrical 
angle. Furthermore, we approximate that the magnetic coupling 

between the phase windings is negligible in order to simplify 
our discussion. Then, the instantaneous torque τ is 
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where LU, LV, and LW are the inductance of phases U, V, 
and W, respectively; iU, iV, and iW are the current of phases U, 
V, and W, respectively; and θM is the mechanical angle. 

On the other hand, the source current can be obtained by 
dividing the sum of the instantaneous electric power provided 
to the phase windings by the voltage of the power supply to the 
inverter that drives the SRM. As is common in the SRM drive, 
we assume that the power supply has the constant voltage E. 
Noting that the voltage of phase U can be expressed as 
∂(LUiU)/∂t, we obtain the instantaneous electric power of phase 
U as iU∂(LUiU)/∂t. Hence, the source current iE is expressed as 
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where Ω is the angler velocity of the rotor. 

Because of the symmetry between the phases, we have 
LV(θE)=LU(θE+4π/3) and LW(θE)=LU(θE +2π/3), where θE is the 
electrical angle. Furthermore, we impose the same symmetry 
on the phase current, i.e. iV(θE)=iU(θE+4π/3) and 
iW(θE)=iU(θE+2π/3), as is natural in the motor drive. If we 
define θE using the number of the rotor poles P as θE=PθM, (1) 
and (2) can be rewritten as 
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where f(θE) and g(θE) are defined as 
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According to (3), we can see that the necessary and 
sufficient condition for constant τ regardless to θE (i.e. 
elimination of the torque ripple) is that f(θE) does not contain 

 
Fig. 1. Sechematic illustraton of a three-phase concentrated-winding

switched reluctance motor. (Sectional view) 
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the harmonics of multiples of three. However, we can also see 
that this does not necessarily lead to constant iE (i.e. 
elimination of the source current ripple). Obviously, the 
necessary and sufficient condition for constant τ and iE 
regardless to θE is that both f(θE) and g(θE) do not contain the 
harmonics of multiples of three. 

This condition can be simplified by eliminating iU from (4): 
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(Note that LU(θE) is always greater than 0.) Equation (5) shows 
that any pairs of f(θE) and g(θE) that satisfy (5) and do not 
contain the harmonics of multiples of three suffice to yield iU 
that eliminate the source current ripple and the torque ripple 
simultaneously, as far as g(θE) remains positive regardless to 
θE. Then, the phase current iU can be obtained according to 

 ( ) ( ) ( ).EUEEU Lgi θθ=θ  (6) 

Next, we discuss the method to determine pairs of f(θE) and 
g(θE) without the harmonics of multiples of three for the given 
inductance profile LU(θE). For convenience, we set the origin of 
θE at the aligned position of phase U. Noting that LU(θE) is an 
even function of θE, we approximate lnLU(θE) as 

 
( )

.5sin4sin3sin

2sinsin
ln

543

21

EEE

EE
E

EU

KKK

KKL

θ+θ+θ+

θ+θ=
θ∂

θ∂
 (7) 

In addition, we assume that g(θE) has the following form, 
which does not contain the harmonics of multiples of three:  
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Then, we substitute (7) and (8) into (5) and determine the 
necessary conditions of A0–A5 and B1–B5 for eliminating the 
harmonics of multiples of three from f(θE). As a result, we have 
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The necessary conditions (9)–(13) indicate that we can 
freely determine A0, A1, and B1 as far as g(θE) remains positive 
regardless to θE, whereas the other parameters A2, A4, A5, B2, 
B4, and B5 are forced to satisfy (9)–(13). Therefore, various 
phase current profiles can eliminate both the source current 
ripple and the torque ripple simultaneously. Selection of the 

 
Fig. 2.  Measured result and approximation model of the inductance profile

of the experimental switched reluctance motor. 

 
Fig. 3.  An example of the phase current and flux linkage profiles of phase

U in the proposed control. 
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profile depends on the design strategies adopted case by case.  

In this study, we selected the profile so that the peak flux 
induction is minimized under the same torque output. This can 
improve the phase current response and enables this current 
profile to be applied to a high rotating velocity. For this 
purpose, we numerically searched by trial and error for 
parameters A0, A1, and B1 that can minimize the peak flux. 

For example, as for the SRM employed in the experiment 
presented in the next section, the inductance profile is 
measured as presented in Fig. 2. This inductance profile can be 
approximated according to (7) as shown in the same figure. As 
a result, the proposed current profile is calculated as shown in 
Fig. 3(a). In addition, the flux linkage profile is calculated as 
Fig. 3(b). Parameters A1–A5 and B1–B5 determined for this 
profile are presented in Table I. 

Figure 4 presents the source current waveform and the 
torque waveform calculated based on (1) and (2) using the 
proposed current profile and the measured inductance profile. 
As expected in the theory, both of these waveforms are almost 
constant regardless to θE. Remaining ripples in the source 
current and the torque are caused by approximation error in the 
inductance profile modeling. 

III. EXPERIMENT 

 Experiments were carried out to verify elimination of the 

source current ripple and the torque ripple by the proposed 
control. Figure 5 shows the SRM test bench employed for this 
experiment. In the test bench, a SRM and a hysteresis brake is 
mechanically coupled via an instantaneous torque meter. Table 
II shows the specifications of the test bench.  

Figure 6 shows the schematic diagram of the inverter 
employed for driving the SRM in the experiment. Each phase 
are driven by a full-bridge circuit composed of two MOSFETs 
and two Schottky Barrier Diodes. The source current was 
measured between the two input smoothing capacitors.  

Figure 7 shows the control diagram of the experimental 
motor test bench. The gate signals of the inverter are generated 

 
Fig. 5.  Photograph of the experimental motor test bench. 

TABLE II.  SPECIFICATIONS OF THE MOTOR TEST BENCH 

 

 
Fig. 6.  Schematic diagram of the inverter employed to drive the switched

reluctance motor in the test bench. 

 

Fig. 7.  Control diagram of the experimental motor test bench. 

Instrument Specifications

RB165SR-96VSRM
(Motion System Tech. Inc.)

1.2kW, 96V, 6000rpm

Stator: 12 poles, Rotor: 8 poles.

Number of turns: 14T

Torque Meter UTMII-5Nm (Unipulse Corp.)

Hysteresis Brake AHB-6 (Magtrol Inc.)

Input Smoothing Capacitor 11.2mF, 5.6mF

Motor

Voltage Power Source(30V)  PAD35-30L (KIKUSUI ELECTRONICS Corp.)

SRM

Source Current Sensor Phase Current Sensor

Electrolytic Capacitor 11.2mF

Phase U Phase V Phase W

Electrolytic Capacitor 5.6mF
(20–30V)

Gate
Signal

Inverter
&

Motor

Hysteresis
Comparator θθ

Command
Value
Generator

Torque
Command

Current
Command

Controller

Actual Phase Current

TABLE I.  CALCULATED PARAMETERS FOR THE PROPOSED CURRENT 
PROFILE 

 
 

 
Fig. 4.  Simulation results of the source current waveform and the torque

waveform. (Rotation velocity: 75rpm, Power supply voltage: 20V.) 
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by the hysteresis current tracking control. The hysteresis width 
is set at 1.5A. 

The experimental SRM has the inductance profile presented 
in Fig. 2. Hence, the current waveform proportional to Fig. 3(a) 
is expected to eliminate the source current ripple and the torque 
ripple simultaneously. In this experiment, we drove the motor 
at the rotating velocity of 75rpm and 1500rpm using two 
different phase current waveforms: One is the proposed control 
and the other is the square wave control. The experimental 
current waveforms are shown in Fig. 8(a) and Fig. 9(a) at the 
rotating velocity of 75rpm and 1500rpm, respectively. The 
rising and falling angles of the phase current in the square wave 
control were set so that the torque ripple is minimized at the 
rotating velocity of 75rpm. As a result, the rising and falling 
angles of phase U were set at 208° and 352°, respectively. 

  Then, we compared the instantaneous torque waveform 
and the source current waveform between these two phase 
current waveforms under the same average torque. The average 
torque was 0.8N/m at 75rpm and 1.4N/m at 1500rpm. 

The results of the instantaneous torque and the source 
current are presented in Fig. 8 and Fig. 9. We did not observe 

the instantaneous torque when the rotating velocity is 1500rpm, 
because the measurement results of the instantaneous torque 
meter contained significant parasitic mechanical resonance at 
125Hz excited in the test bench. 

As can be seen in Fig. 8(b) and Fig. 9(b), the source current 
ripple was successfully suppressed in the proposed control, 
whereas large ripple occurred in the square wave control. The 
source current ripples of the proposed control and the square 
wave control were within 9% and 101% of the average source 
current at 75rpm, respectively, and within 18% and 94% at 
1500rpm, respectively. (This value was calculated based on the 
source current waveforms, after we eliminated the ripple 
directly caused by the hysteresis current tracking control.)  

The source current waveforms of the square wave control 
contained large ripples. The positive and negative spikes found 
in the square wave control of Fig. 8(b) were caused by the 
rising and the falling of the phase current. These spikes covered 
the entire period in the square wave control of Fig. 9(b) 
because the rising and falling period of the phase current is 
long at a high rotating velocity. 

In addition, as can be seen in Fig. 8(c), the torque ripple 
was also successfully suppressed in the proposed control as 
well as the square wave control. The torque ripple of the 
proposed control and the square wave control were within 19% 
and 33% of the average torque, respectively.  

However, as can be seen in Fig. 8 and Fig. 9, the phase 
current of the proposed control was greater than that of the 
square wave control, although the average torque was almost 
the same between the two controls. In Fig. 8, the effective 
value of the phase current was 18Arms in the proposed control 
and 11Arms in the square wave control. In Fig. 9, the effective 
value was 23Arms in the proposed control and 17Arms in the 
square wave control. Therefore, the proposed control will lead 

 
Fig. 8. Experimental results of the torque and the source current at the

rotating velocity of 75rpm. 

0

0.3

0.6

0.9

1.2

0 45 90 135 180 225 270 315 360

T
or

qu
e 

(N
m

)

Electrical Angle (degree)

Proposed control Square wave control

-10

-5

0

5

10

15

0 45 90 135 180 225 270 315 360

So
u

rc
e 

C
ur

re
nt

 (
A

)

Electrical Angle (degree)

Proposed control Square wave control

0

10

20

30

0 45 90 135 180 225 270 315 360

P
h

as
e 

C
ur

re
nt

 (
A

)

Electrical Angle (degree)

Proposed control Square wave control

(a) Phase current waveforms

Rotating velocity: 75rpm

(c) Torque waveforms

Rotating velocity: 75rpm

(b) Source current waveforms

Rotating velocity: 75rpm

 
Fig. 9. Experimental results of the source current at the rotating velocity of

1500rpm. 
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to reduction of the efficiency, although the proposed control 
can reduce the source current ripple and the torque ripple. 

Consequently, we concluded that the experiment supported 
the proposed control. 

IV. CONCLUSIONS 

This paper presented a novel simple control technique for 
SRMs to eliminate the source current ripple as well as the 
torque ripple. The proposed control is the current tracking 
control with a pre-computed phase current profile, which can 
be systematically determined for SRMs with arbitrary 
inductance profiles. The experiment verified significant 
reduction of the source current ripple and the torque ripple. 
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